Subcortical hyperintensities (SHs) on brain magnetic resonance imaging are associated with cognitive and gait impairment in elderly but their impact on dual-tasking (performing cognitive tasks while walking) in patients with Alzheimer disease (AD) is unknown. This study explored the costs of dual-tasking in relation to SH severity in AD and normal controls (NCs). Cadence while walking on a treadmill, and speed-accuracy-tradeoff (SAT), on 3 working memory tasks, were measured during single-task and dual-task conditions. Dual-task costs (DTC) on SAT, cadence, and overall DTC were measured for each of these tasks. On visual rating of SH severity, AD and NC groups were subdivided into high-SH and low-SH subgroups. Compared with the NC, the AD group performed poorly on all working memory tasks across both conditions, decreased cadence on dual-tasking, and showed a decrement in overall DTC (all P<0.01). When grouped according to SH severity, the low-SH-NC group performed superiorly on working memory tasks (P<0.001) and the high-SH-AD group (P=0.001) showed a decrease in dual-task costs of cadence. Although the AD group showed a decrement in overall DTC (P<0.01) compared with NC, when assessed in terms of SH severity, the high-SH-AD group showed the largest decrement in DTC (P<0.01). Greater SH severity is associated with a decrement in overall dual-tasking ability in AD.
S ubcortical hyperintensities (SH), as the term suggests, are hyperintense areas in the white matter and deep nuclei seen on magnetic resonance imaging (MRI) and are indicative of vascular disease in the brain. 1 SH are common in the elderly with reports suggesting a prevalence as high as 96%. 2 In AD, similar prevalence has been reported, not significantly different from elderly controls. [3] [4] [5] Clinical manifestation of SH include gait impairment and deficits in executive functioning. [6] [7] [8] [9] [10] The presence of SH in strategic white matter pathways in the brain is hypothesized to interfere with brain connectivity and therefore impede the performance of these functions or interact with AD to amplify the severity of dementia. 11, 12 Therefore, SH may also impede the performance of 2 functions when performed simultaneously in patients with AD.
Dual-tasking while walking has been shown to affect the performance of gait in mixed elderly samples [13] [14] [15] and in patients with AD. [16] [17] [18] Some studies that looked at the effect of concurrent speech on gait noted that some patients stopped walking while talking, whereas those who continued walking, slowed down and/or had a greater variability in velocity, stride-length, and/or double-support. [13] [14] [15] [16] [17] [18] Experts have suggested that the costs of walking under dual-task conditions are due to competition for attention resources. 19 Furthermore, few studies have reported that patients with AD have impairment in the performance of 2 cognitive tasks simultaneously and that this dual-task impairment in AD is likely to arise from specific cognitive processes that involve encoding and retrieval rather than a general cognitive deficit. 20, 21 Evidence suggests that gait relies on executive function abilities and that performance of executive function tasks may interfere with gait performance under dual-task conditions. 16, [22] [23] [24] For example, decrease in gait speed and increase in gait variability have been reported in patients with mild AD while performing fluency tasks, digit recall tasks, and forward digit span tasks while walking. [16] [17] [18] Working memory is an executive function that involves transient maintenance and the concurrent mental manipulation of information in service of a particular task. 25, 26 Experimental data exists to show that working memory tasks have a greater influence on gait in young adults than fluency tasks. 27 The costs of performing a working memory task while walking in patients with AD is not well understood. Furthermore, the impact of underlying SH on dual-task interaction has not been reported.
Studying dual-task interaction is challenging for several reasons. First, researchers suggest that to study dual-task interaction the individual tasks must share common neuronal resources. 28 Therefore, we studied the interaction of specifically working memory that potentially shares common neuronal resources as that of gait, which can provide a biological basis for the possible competition of these common substrates. 26, [29] [30] [31] [32] [33] In addition, changes in gait during dual-tasking are known to occur when the secondary task necessitates speech articulation, possibly owing to rhythmic changes in respiratory cycle, which can influence gait. 34, 35 Several studies on dual-tasking in AD largely rely on the eliciting of speech to perform the cognitive task. [16] [17] [18] To overcome this potential confound, we used a working memory paradigm that elicits reaction time (RT) and accuracy measures on a button press. Finally, reducing speed or cessation of walking during regular over-ground gait, which intuitively should increase stability, 36 has been associated with higher likelihood of falls. 13 By enforcing gait on a treadmill and therefore constraining velocity, we proposed to observe for changes in cadence in patients with AD during dual-tasking. We postulated that under threatened gait stability, one would increase the number of steps (ie, cadence) and therefore take smaller strides to maintain stability when the velocity is fixed. Therefore, the specific hypotheses of this study were: (1) performing working memory tasks while walking will increase cadence (steps/ min) measured on the treadmill in both patients with AD and in normal controls (NCs); (2) walking on the treadmill will affect working memory performance in both groups; and (3) those with higher SH severity would have poorer working memory and maladaptive responses in gait reflected on dual-task costs (DTCs) on cognitive and gait performance measures.
MATERIALS AND METHODS

Participants
Participants between ages of 60 and 80 years who were enrolled in the Sunnybrook Dementia Study, a longitudinal study on cognitive impairment including AD and other dementias, were screened for inclusion in this sub-study. Participants had to be able to walk independently for 15 minutes without stopping. Patients with AD had to meet established criteria for probable AD. 37 NCs were community volunteers who performed within normal limits on all cognitive tests, were functionally independent in all activities of daily living, had no history of neurological or psychological disorder, and were in a stable healthy condition. All participants gave informed consent to the protocol that was approved by the Research Ethics Board. In addition, participants were only screened if they had a brain MRI within a 6-month window of the gait assessments, as little change in SH volume was expected over this time period in this particular population.
Patients with Mini-Mental Status Examination (MMSE) score r20; history of other neurological disorders or coexistent neurodegenerative conditions such as Lewy body disease or Parkinson disease; major depression; hip fractures; significant arthritis; clinically significant joint deformity; recent hip/knee replacement; sedative medication use; dependence on alcohol and/or neuroleptic drugs; use of assistive devices such as cane/walker; and presence of significant sensory and/or motor neuropathy on neurological examination were excluded from the study. MMSE 38 and the Mattis Dementia Rating Scale 39 were used to characterize the stage of AD. All participants underwent training on the working memory tasks and those with an accuracy <80% after 5 trials of the 2-back working memory task were excluded.
Assessments
At the time of gait assessments, data pertaining to previous falls, concomitant medical conditions, cardiovascular risk factors, exercise history, and current medications were obtained followed by a physical and neurological examination that included measurement of body mass index, leg length, mid-calf girth, blood pressure, and resting heart rate. Timed-up-and-go (TUG) test 40 is a validated bedside measure of mobility that measures the time required to arise from a chair, walk 3 meters, turn, and return to the seated position. Unified Parkinson's Disease Rating Scale (UPDRS) 41 is a standardized scale that includes rating severity of Parkinsonism. In this study, the TUG, motor subscale of the UPDRS and the Tinetti gait scale 42 were also scored. In addition, neuropsychological and neuroimaging data were available to ascertain cognitive, functional and other disease characteristics.
SH Severity Rating
SH was rated on the Age-related White Matter Change (ARWMC) scale, a 4-point scale that assesses SH severity by aggregating scores in 5 bilateral regions as delineated by Wahlund et al. 43 The rating scale was applied to T2-weighted MRI scans obtained within 6 months of the gait assessments. All brain images were acquired using a 1.5 T Signa MR imager (GE Medical systems, Milwaukee, WI). Three image sets were acquired in the same imaging session: T1-weighted, proton density, and T2-weighted images.
Gait Assessment
Cadence was measured using footswitches (B&L Engineering) placed in the insoles of participant's shoes as they walked on a motorized treadmill (Biodex RTM400, Biodex Medical Systems, Inc, NY). Foot-switch data were digitized at the rate of 500 samples per second through an analog-to-digital converter. Digitized signals were processed (Labview, National Instruments, Austin, TX) to measure the cadence.
All participants were instructed to wear comfortable walking shoes for the experiment. Footswitches made of pliable material were placed in both shoes such that the shoes once worn would fit comfortably. A non-weight bearing safety-harness (The Biodex Unweighing System, Biodex Medical Systems, Inc., NY) was strapped across the trunk for safety reasons after which participants were asked to alight on the treadmill. The target self-selected gait speed on the treadmill was determined as follows. While holding on to the hand rails participants were instructed to start walking slowly and gradually increase their walking speed to reach a pace that they would normally walk at while on a leisure stroll. As the participant started walking, the treadmill speed was gradually increased to attain the most comfortable speed as dictated by each participant. When this was attained, participants were instructed to let go of the hand rails, 1 at a time, and continue walking at this speed with no incline on the treadmill until they felt familiarized to it. This speed was used as the target gait speed for subsequent walking conditions of the experiment. To account for the need to endure this target self-paced gait speed for the duration of the experiment, we ensured that the self-selected gait speed on the treadmill was at least 25% less than their over-ground gait speed measured separately on an automated walkway. After acclimatization on the treadmill, the speed was gradually reduced until the participant came to a halt to provide adequate rest before data recording. For every subsequent experimental condition, the protocol for gradually increasing the treadmill speed to attain the target self-selected gait speed was adhered to. Data recording began with walking only condition followed by walking while performing the working memory tasks described below. Before the start of the dual-task condition, participants were instructed and encouraged to perform the cognitive task to the best of their ability both in terms of accuracy and speed of responses. For each condition, 3 trials each lasting 65 seconds were captured at target gait speed. Between trials, the participants were provided adequate rest periods, the duration of which was dictated by the participants.
Working Memory Task
The working memory task was based on a n-back letter paradigm consisting of 3 tasks, X-task (control), 1-back, and 2-back, which were administered to participants while standing and while walking to capture their single-task and dual-task performance, respectively. 44 The working memory tasks included a display of a continuous stream of letters on the screen placed in front of the treadmill. Participants registered their responses by pressing a button held in their preferred hand. Three working memory tasks, "X" (simple working memory), "1-back," and "2-back" (active working memory load tasks), were presented in random order. The display duration was 1500 ms and the inter-stimulus interval was 2000 ms. All the 3 tasks required participants to maintain information in memory for immediate retrieval, continuously update this information, and register responses on the button press while keeping track of each letter displayed on the monitor.
During the X condition, participants were instructed to press the button whenever they saw a letter "X" in the continuous stream of letters. For the 1-back condition, participants were instructed to press the button whenever a letter was the same as the one that came just before it in the sequence (for example, M-T-T or W-B-B). For the 2-back task, participants were instructed to press the button whenever the letter was the same as the one that appeared 2 stimuli prior in the sequence of letters (for example U-T-U or B-Q-B). The letter "X" did not appear in any of the 2 active working memory tasks. Three trials for each working memory task, each trial lasting approximately 1 minute, with at least 1 potential response every 5 to 6 seconds were administered. RTs and task accuracy data were recorded from signals obtained by button presses.
Statistical Analysis
Demographic variables between the 2 groups were compared using Student t test and w 2 where applicable. To relate the effect of working memory performance on gait parameters to the SH load in the 2 groups (AD and NC), the median distribution of total SH score was determined for each group and was used as the cut-off. Those that were above the cut-off were denoted as AD+ and NC+ and those that equaled or fell below the cut-off were referred to as AD À and NCÀ , respectively. Analysis of variance (ANOVA) was used to compare the demographic variables in the 4 groups.
Single-task cadence, that is, walking with gaze fixed on the screen (single-task walking), was compared with cadence while dual-tasking across 3 dual-task conditions: the X-task, the 1-back task, and the 2-back task. To determine the costs on cadence while dual-tasking, a percentage change in the DTCs of cadence on dual-tasking was calculated relative to participant's single-task cadence as done in other such studies 45, 46 :
DTC À cadence ¼ ½ðDual task cadence À Single task cadenceÞ = Single task cadence Â 100 Performance on working memory tasks was determined by combining accuracy and RT into 1 performance score, the speed-accuracy trade-off (SAT), calculated by the formula: (accuracy/RT) Â100. This method has been used in other studies to obtain a composite score incorporating both speed and accuracy of performance on cognitive tasks. 24 SAT was calculated for each task during both the standing and walking conditions. DTCs on SAT were calculated as a percentage of change relative to participant's single-task SAT as above using the formula:
To permit a measure of overall demands on dualtasking and compare groups, we combined the DTCs on cadence and working memory task performance, that is, SAT, similar to Logie et al. 21 Therefore, to obtain an overall DTC measure we obtained the mean of DTC on cadence and SAT for each of the 3 working memory tasks.
Overall
RESULTS
Baseline Characteristics
Patients with AD (n=24) were not significantly different from NC (n=20) on most baseline characteristics (age, sex, body mass index, waist circumference, leg length, mid-calf girth, blood pressure, and heart rate) but differed as expected on the MMSE (P<0.01) and DRS (P<0.01) scores. The AD group showed a trend toward a higher UPDRS score (P=0.06) and significantly longer time to complete the TUG test (P<0.01) ( Table 1) .
The total ARWMC score in the AD group (range, 1-24; median, 7) was significantly greater than that of the NC group (range, 1-15; median, 5) (P<0.01). Therefore, based on the median of the distribution on the total ARWMC score for each group, those above the median were compared with those equal to or below the median. Thus from the 2 groups, 4 groups were derived: AD+ and AD À (with cut-off of 7 on the total ARWMC score for the AD group) and NC+ and NCÀ (with the cut-off of 5 on the total ARWMC score for the NC group).
The demographic differences between the 4 subgroups were evaluated using ANOVA and are highlighted in Table 2 . There were no statistically significant differences in baseline body characteristics such as leg length, body mass index, and waist circumference. Statistically significant differences between groups were observed in age (P<0.01), MMSE (P<0.01), DRS (P<0.01), UPDRS score (P<0.01), and TUG (P<0.01). Post hoc Tukey's test revealed that the NCÀ group was significantly younger than NC+ (P<0.05) and AD+ and AD À (P<0.01) groups. The 2 AD groups had significantly lower MMSE and DRS scores than NC but there were no statistically significant differences between AD+ and AD À and between NC+ and NCÀ on these baseline cognitive measures. The AD+ group had significantly higher UPDRS score than the other 3 groups (P<0.01). The AD+ group also took significantly longer time to complete the TUG as compared with the NC À and NC+ groups. However, there were no statistically significant differences between AD+ and ADÀ and between NC+ and AD À groups on the TUG test.
There were no differences in the 2 groups on cadence, cycle time, and double support during the "walk only" condition though the AD group had a significantly slower self-selected treadmill speed compared with the NC group (0.61 m/s vs. 0.77 m/s, P=0.02).
Effect of Working Memory Task Performance on Cadence
A positive DTC on cadence implies that the cadence increased while dual-tasking compared with their cadence during the walking without cognitive tasking condition.
Similarly, a negative DTC on cadence implies that the cadence actually decreased compared with the walking only condition. There was a significant effect of DTCs of cadence between AD and NC groups [F(2,42)=11.6, P=0.001, Z 2 p =0.21]. The DTCs on cadence were significantly higher in the NC group compared with the AD group [(X task: 4.4±5.0 vs. 0.75±5.8 (P=0.026); 1-back: 4.9±5.7 vs. À 0.82±5.2 (P=0.001), 2-back: 5±8.7 vs. À 0.28±4.5 (P=0.002)]. In fact, the AD group had negative DTCs on cadence in the 1-back and 2-back conditions indicating that their cadence decreased while performing the 1-back and 2-back tasks.
Next, the DTCs on cadence were compared between 4 groups using repeated measures ANOVA. There was a significant effect of DTCs on cadence in the 4 groups [F(3, 41)=5.3, P=0.003, Z 2 p =0.28]. Post hoc tests revealed that the AD+ group showed a significant decline in terms of their wNC À versus ADÀ (P<0.001), NC À versus AD+ (P<0.05), NC+ versus AD À (P=0.002). zADÀ versus NC+ and NC À (both P<0.001) and AD+ versus NC+ and NC À (both P<0.01). yAD+ versus AD À (P=0.001), NC À (P<0.001), NC+ (P=0.02). JAD+ versus NC À (P=0.001) and AD+ versus NC+ (P=0.03). zAD+ versus ADÀ (P<0.001), NC À (P<0.001), NC+ (0.03) and NC+ versus NC À and AD À (P<0.001). #NC À versus ADÀ (0.009), NC À versus AD+ (P=0.004), NC+ versus AD+ (P=0.05 mean DTCs on cadence compared with NC À (P=0.001), NC+ (P=0.004), and AD À (P=0.05) groups.
Effect of Treadmill Walking on Working Memory Task
A higher number on the SAT denotes better performance and lower numbers denote a poorer performance. The SAT scores were compared between AD and NC groups and then between the 4 groups subdivided on their SH load. Table 3 highlights the differences in SAT during standing (single-task) and walking (dual-task) conditions in the AD and NC groups. The performance of NC group on all working memory tasks, indicated by the respective SAT scores, on both single-task and dual-task conditions was significantly better than the AD group (all P<0.01). When the 4 subgroups were compared (Table 4 ), the NCÀ group alone performed significantly better on all 3 working memory tasks during both single-task and dual-task conditions compared with the other 3 groups (NC+, AD+, and AD À).
When performance on the cognitive task was compared within groups, no significant differences emerged between single-task and dual-task conditions within the NC and AD groups. There were no significant within-group differences between single-task and dual-task conditions in the subgroups (NC À, NC+, AD À, and AD+).
We then compared the DTC of SAT for the 3 tasks (Xtask, 1-back, 2-back) during dual-tasking compared with standing condition. There was an overall effect of DTC on SAT between groups (F=4, P=0.05, Z 2 p =0.1) but not within groups. When the 4 SH subgroups were compared, there were no statistically significant differences in the DTC on SAT (F=2.5, P=0.07, Z 2 p =0.1).
Overall DTCs on the 3 Working Memory Tasks
With the overall DTCs for the control task, 1-back, and 2-back as dependent variables on the repeated measures ANOVA and diagnostic group (AD vs. NC) as betweensubjects factor, there was a statistically significant effect between groups [F(1,43)=7, P=0.012, Z 2 p =0.14] but not within groups (P=0.1). Further analysis revealed that the differences in overall DTC between AD and NC were statistically significant only for active working memory tasks-the 1-back (t= À 2.3, P=0.03) and 2-back tasks (t= À2.7, P=0.01) (Fig. 1) .
Repeated measures ANOVA for the 4 subgroups with the 3 overall DTC variables as dependent variables with SH subgroup as between-group factor revealed a significant effect of overall DTC between groups [F(3, 40)=4.2, P=0.01, Z 2 p =0.24] but not within groups (P=0.7). Post hoc tests revealed that the AD+ group differed significantly from their ADÀ counterparts (P=0.04), NCÀ (P=0.002), and NC+ (P=0.01) groups (Fig. 2 ). There were no statistically significant differences between the NCÀ, NC+, and ADÀ groups.
DISCUSSION
This study investigated the effect of performing working memory tasks while walking in patients with mild AD and healthy older adults. The impact of SH severity on costs of dual-tasking was then assessed in these 2 groups by further subdividing them based on the severity rating of SH on their MRI. To the best of our knowledge, this is the first study that looked at costs of dual-tasking in relation to the burden of SH in AD.
Previous literature consistently shows that gait velocity decreases to maintain stability while dual-tasking in older adults and in patients with AD. [13] [14] [15] [16] [17] [18] However, on a treadmill when compensations in gait velocity to maintain dynamic stability is not an option the system is constrained to maintain the velocity by decreasing the stride length. 47 Increase in double support and decrease in stride length are considered to be compensatory mechanisms to improve stability in aging. 36 A decrease in stride length enables more time spent with both feet on the ground (double-support time) and therefore improves stability, which could be a compensatory mechanism to improve stability of gait. Decrease in stride length is one means of increasing dynamic gait stability while walking akin to maneuvering an ice patch on the pavement. *NC À versus ADÀ (P<0.001), NC+ (P=0.04), AD+ (P=0.002). wNC À versus ADÀ (P=0.003) and AD+ (P=0.007). zNC À versus ADÀ (P=0.001) and AD+ (P=0.008). yNC À versus AD À (P<0.001), NC+ (P=0.02), AD+ (P<0.001). JNC À versus AD À (P<0.001), NC+ (P=0.04), AD+ (P<0.001).
In this study, gait velocity was unchanged while on the treadmill throughout the experiment therefore an increase in cadence at a constant velocity would imply a decrease in stride length. 47 In studying the changes in cadence on dualtasking, we found that the NC group significantly increased their cadence compared with the AD group during the dual-task conditions, further implying that their relative stride length decreased. When AD and NC groups were divided based on their SH load and the dual-task costs were compared in these 4 groups, only the AD+ group, that is, patients with higher proportion of SH, decreased their cadence implying that there was an increase in relative stride length. The increase in cadence in NC+, NCÀ , and AD À groups may be considered as a safe compensatory mechanism to maintain dynamic stability during dualtasking and a decrease in cadence suggests that the AD+ group was unable to make this compensatory strategy. The purpose of the experiment was not to study gait instability on dual-tasking. Nevertheless, participants were in a safety harness, which could have prevented any likelihood of falling. These results suggest that the presence of SH may interfere with the adaptive responses to maintain dynamic stability especially in AD.
The results of cognitive performance on dual-tasking in the 2 groups suggest that the AD group performed poorly on all working memory tasks compared with the NC in keeping with the previous studies. 25 Interestingly, when study groups were assessed based on their SH load, there was a considerable overlap in the performance of AD patients with higher and lower SH burden suggesting that the presence of increased SH load did not adversely affect the performance on the 3 working memory tasks in both conditions in AD. In the NC group, there were no statistically significant differences in performance on the standing condition but on the dual-task condition, NC À group showed a significantly better performance compared with the NC+ group indicating that SH may adversely affect cognitive performance under more challenging conditions such as dual-tasking. However, when costs of dual-tasking on cognitive performance on the working memory tasks were examined, we found no statistically significant differences between the AD and NC groups or between the 4 SH subgroups.
The results of this study also indicate that AD participants with higher SH load decreased cadence when dual-tasking, suggesting that a high SH load in AD patients seems to adversely affect their walking ability while dualtasking. Gait in AD, especially under dual-task conditions, relies upon executive functions and the influence of executive functions on gait increases with increasing complexity of the dual-task. 17, 48, 49 The concomitant performance of the functions supported by these neurons overtax the systems responsible for the performance of the required tasks and in the presence of structural brain damage such as cerebrovascular disease, the dual-task performance may be more attenuated.
The overall DTC that incorporates both the DTC on cadence and DTC on cognitive task performance further suggests that when compared with NC, AD patients show significant decline in both components of the dual-task. It is noteworthy that AD patients with higher SH burden show greater magnitude of decline in overall dual-tasking ability compared with healthy elderly as well as the AD counterparts with lesser SH burden. This indicates that the overall ability to efficiently dual-task is affected in AD and that the burden of SH in these patients may further negatively impact this ability.
These results can be further explained as follows. By the time AD is clinically apparent, the distribution of disease pathology, neurofibrillary tangles, and plaques, spreads beyond the medial temporal and enterorhinal cortex to involve the dorsolateral prefrontal and subcortical areas, 50 and the presence of SH may not additionally interfere with the afferent connectivity of the frontal cortex as it may be already disrupted by the disease course. Therefore, performance of working memory, which activates these regions, may not be further impeded by higher SH burden.
Performance of a verbal working memory task and gait rely on common neuronal substrates. Specifically, the dorsolateral prefrontal and parietal cortices play an important role in working memory function 26 as well as in the adaptation of gait to varying environmental conditions. 31 Evidence suggests that gait speed is slower in patients with AD and that higher SH burden is linked to slower gait speed in AD. 51, 52 It is also suggested that the presence of a slow gait requires larger cognitive processing. 53 The simultaneous performance of these functions could potentially interfere with patient's ability to execute safe adaptive responses as areas such as the dorsolateral prefrontal cortex may have a double hit, from the disease process of AD as well as the interference in connectivity by SH in these regions. In healthy elderly individuals, the connectivity between cortical areas involved in working memory and gait performance under dual-task conditions may be disrupted by the presence of SH alone and this may explain the lack of significant differences between NC+ and the 2 AD groups on the working memory performance. Therefore, results of this study suggest that SH burden may play a more important role in processing speed in healthy cognitively intact adults consistent with other reports. [54] [55] [56] [57] [58] When overall DTCs are considered, AD patients with higher SH burden may fare poorly due to the same reason that a wider distribution of SH may affect multiple areas involved in dual-tasking. It is also possible that the decline in costs of cadence under dual-task conditions outweighs the dual-task changes in working memory performance and therefore demonstrating an overall decline in dual-task ability in this group in particular.
This study has certain limitations that need to be considered. The subdivision of groups into those with higher and lower SH burden leads to smaller groups and comparisons between groups. However, we were able to detect a signal even with this small sample suggesting that larger studies with similar protocols are warranted. Second, the SH burden was rated on a visual rating scale and not quantified using automated methods; this is generally less sensitive in detecting small differences between groups. 59 Nevertheless, we used a well-validated rating scale 43 and is found to be satisfactory in differentiating groups based on high and low SH severity. 59, 60 Although we strived to limit motor interference of the secondary task by limiting speech, the use of button press to obtain accuracy and RTs limited our ability to negate the effect of motor interference altogether. Among other conditions that interfere with gait, such as those with hip/knee replacements, only those with recent interventions were excluded from this study. However, this study assessed dual-task changes in gait relative to their single-task gait performance, hence the effects of knee replacement on individual's gait was factored in the assessment. Similarly, AD patients with higher SH burden (the AD+ group) had higher UPDRS scores and even though scores were indicative of mild degree of Parkinsonism, the bearing of UPDRS on gait changes during dual-tasking was accounted for as changes in gait were assessed in relation to their gait performed without concurrent cognitive tasking. Finally, while dual-tasking on the treadmill may not be considered as a "real-world" setting, it does help to underscore the relationship between cognition and involuntary gait changes in a velocity constrained environment.
The results of this study extend the existing knowledge of the interaction between gait and executive function by suggesting that SH severity influences changes in gait during dualtasking in patients with AD. Prospective studies looking at fall occurrence and its relationship with the adaptive changes in gait while dual-tasking may help understand whether these changes affect stability in a clinically significant manner. 61 This study also helps to understand the behavioral characteristics of SH suggesting an association between SH load and working memory and stepping frequency in healthy older adults and patients with AD. Volumetric assessments of SH and their specific locations in the brain using automated methods on larger samples may further help better understand these interrelationships between SH burden and dual-tasking.
